Objective : The purpose of this study was to evaluate the occurrence rate of diffusion positive lesions (DPLs), and to assess the peri-procedural risk factors for the occurrence of DPLs in patients who underwent coil embolization of cerebral aneurysms.
MATERIALS AND METHODS
A total of 342 aneurysms were embolized in 280 pa- There were 100 ruptured and 86 unruptured aneurysms.
The coiling procedures were as follows: simple coiling in 96, BAC in 39, and SAC in 51 aneurysms. Clinical, angiographic and procedure related events were analyzed in relation to the occurrence of DPLs in patients. All data were reviewed retrospectively using the aneurysm embolization database, picture archiving and communication system (PACS) imaging and inpatient clinical charts.
Endovascular procedures
All procedures were performed under general anesthesia by a single neurosurgeon. Patients who were expected to require stent or balloon assistance in unruptured aneurysms received dual antiplatelet therapy.
Aspirin and clopidogrel were administered at doses of 100 mg and 75 mg, respectively, starting at least five days before the procedure in unruptured aneurysm.
However, in ruptured aneurysms, loading doses of 300-600 mg of clopidogrel and 300 mg of aspirin were given per L-tube in patients treated with stent assisted coiling.
Baseline activated clotting time (ACT) measurement was performed after placement of the femoral sheath.
Intra-procedurally, 3000 units of heparin was typically injected intravenously by the anesthesia team nurse, in all patients. Target ACT during the procedure was at least more than twice the baseline (250-300 sec) in all patients. The timing of heparin injection was dif- 
Statistical analysis
Statistical analyses were performed using SPSS 18.0
for Windows (SPSS Inc. Chicago, IL, United States).
Continuous variables were expressed as mean ± SD.
The significance of differences between two groups was examined using independent sample t-test for continuous variables, and two-way Fisher's exact test for categorical variables. The significance of differences among the three groups was examined using one way ANOVA for continuous variables. Logistic regression analysis was used for identification of the risk factors for DPLs. A p value < 0.05 was considered statistically significant.
RESULTS
Sixty five of the 100 patients with ruptured aneurysms were women. Anterior cerebral artery (ACA) aneurysms were most common followed by internal carotid artery (ICA) aneurysms, posterior circulation aneurysms and middle cerebral artery (MCA) (Table 2) .
Aneurysm selection was considered difficult in 21.0%. However, the occurrence of DPLs was not dependent on the difficulty of aneurysm selection.
Aneurysm size, neck size and aspect ratio did not influence the occurrence of DPLs.
The left side approach showed more DPL in all anterior circulation aneurysms (n = 160), however, the difference was not statistically significant (p > 0.05) ( Mean number of DPLs was the highest in the SAC group (5.25), followed by BAC (3.41) and simple coil- (Fig. 2) . In comparison of simple coiling and BAC in unruptured aneurysm patients, the occurrence of DPLs was significantly lower in BAC (p = 0.034), however, there was no difference in ruptured aneurysm patients (p = 0.472) (Fig. 3) .
Detachment method did not influence the occurrence of DPL in both groups. Mean packing density was not different between the diffusion positive and diffusion negative groups (Table 2) .
Logistic regression analysis revealed that age > 55 years was the only independent risk factor for the occurrence of DPLs in the entire patient cohort on adjusting rupture status, side of approach, selection difficulty and coiling methods (Table 3) .
DISCUSSION
Occurrence of DPLs after coil embolization of cerebral aneurysm has been reported in 10-61% of the cases. Hwang et al. 5) reported that antiplatelet premedication lowered the periprocedural thromboembolic complication rate in unruptured aneurysms treated using the multiple microcatheter technique and did not increase the risk of hemorrhage.
In our study, increasing age influenced the occurrence of DPLs and age of > 55 years predicted an increased risk of DPLs. Increasing age might be related to the tortuous large vessels including aortic arch, brachiocephalic trunk, common and internal carotid arteries, and tortuous origin of the vertebral artery.
Catheterizing tortuous arteries could increase the risk of TE. Chung et al. 9) reported that the occurrence of DPL increased at an older age of > 60 years. The authors assumed that more atherosclerotic changes in the cerebral artery were present in older patients, and that these patients were more vulnerable to TE events in aneurysm-unrelated territories as a result of routine procedures, such as the use of a guiding catheter.
Murayama et al. 13) reported that risk of TE was ex- Malek et al. 11) reported that the higher rate of TE complications was the result of placement of an additional balloon microcatheter in the parent artery.
Soeda et al. 24) reported that the balloon technique required sophisticated handling, frequent use of guidewires and microcatheters, the need for temporary occlusion of the parent vessel, and repeated inflation and deflation of the balloon, which might have increased occurrence of TE event.
However, contradictory results of equal or decreased incidence of ischemic lesion after BAC, have been reported by some authors. This discrepancy could be explained by the fact that a relatively small part of the brain was affected, and DPL mostly tended to localize in the silent cortex instead of the eloquent area. 19) Gentle manipulation of cerebral or extracerebral arteries using various endovascular devices is mandatory in order to reduce the occurrence of DPL after coil embolization. In addition, preoperative antiplatelet medication might be helpful if possible.
The limitation of this study included its retrospective design, which excluded 87 cases in whom 
